In order to precisely grasp the self-organization process of functional neuronal circuits from individual immature neurons, electrical activity of neuronal circuits should be continuously recorded with their well-defined inner structures and boundary conditions. Standing on this viewpoint, we have developed a series of practical experimental methods for the non-invasive recording of electrical activity from cultured small neuronal circuits. Figure 1 shows a schematic drawing of the experimental system developed in this research. Neurons are patterned and cultured to form small neuronal circuits consist of several neurons so as to their entire pictures are grapsed, and their electrical activity can be recorded extracellularly at any recording site by positioning the tip of a mobile microelectrode.
The micropatterns on the culture surfaces for the patterning of neurons were obtained by spraying PDL (poly-D-lysine) solution onto BSA (bovine serum albumin)-coated culture surfaces with a commercially available spray, and thousands of small neuronal circuits were formed in a 35-mm polystyrene dish. These small neuronal circuits kept well-patterned for more than two weeks. The mobile microelectrodes were prepared by putting tungsten wires (10-µm in width) through into fine glass pipettes, fixing the endpoints and plating platinum-black on to the tips of tungsten wires. The extracellular recording with these microelectrodes was demonstrated by positioning the tips of the microelectrodes close to the cell bodies of cultured neurons by handling a micromanipulator and amplifying the extracellular voltage signals.
By combining the spray-patterning of neuronal circuits and the extracellular recording with movile microelectrodes, spontaneous firings were detected at multiple recording sites in a small neuronal circuit with a high spatio-temporal resolution. Figure 3 shows an example of the site-selective recording of spontaneous activity from a small neuronal circuit. The two spikes shown in d) are presumed to reflect the synchronous firings of the two cell bodies at the recording site c).
These results indicate that the roles of single-cell-level electrical activity in the context of the development of the total functions of multicellular systems can be empirically investigated with simple techniques without any microfabrication procedure. 
